It is shown that hadron abundances in high energy e + e − , pp and pp collisions, calculated by assuming that particles originate in hadron gas fireballs at thermal and partial chemical equilibrium, are in very good agreement with the data. The freeze-out temperature of the hadron gas fireballs turns out to be nearly constant over a large center of mass energy range and not dependent on the initial colliding system. The only deviation from chemical equilibrium resides in the incomplete strangeness phase space saturation. Preliminary results of an analysis of hadron abundances in S+S and S+Ag heavy ion collisions are presented.
Introduction
The average multiplicities of particles produced in high energy collisions are very useful tools to investigate the process of hadron production in virtue of some peculiar features. Unlike momentum spectra, hadron abundances (and correlations) are Lorentz-invariant quantities; hence they do not depend on complicated collective motions possibly present in the system and may be calculated in the local comoving frames. In elementary collisions, such as e + e − , they are a direct and unique probe of the hadronization process since they are independent of the perturbative parton dynamics which is inherited by hadrons mainly in their momentum spectrum. Therefore, it is very important to study hadron abundances in order to reveal the basic mechanisms governing hadron production in all kinds of collisions. In the following sections we will sum up briefly the statistical-thermodynamical approach to the problem of hadron production and we will show its stunning capability of fitting all existing hadron average multiplicities data in e + e − , pp and pp collisions by using only three free parameters. A preliminary analysis of hadron abundances measured in heavy ion collisions in full phase space within the same model will be discussed in Sect. 4.
The model
The thermodynamical model of hadron production in e + e − , pp, pp has been described in detail elsewhere [1] [2] [3] ; in this section it is briefly summarized. The basic assumption of the model is the formation of an arbitrary number of hadron gas fireballs moving away from the primary interaction region each with its own collective momentum. The parameters describing the i th hadron gas fireball at thermal and chemical equilibrium are the temperature T i and the volume V i in its rest frame as well as its quantum numbers electric charge Q, baryon number N, strangeness S, charm C and beauty B. The partition function of this system is calculated in the framework of the canonical formalism of statistical mechanics, namely by summing only over the multi-hadronic states having the same quantum numbers of the fireball. Therefore, if Q 0 i = (Q, N, S, C, B) is the vector of fireballs quantum numbers and Q is the vector of quantum numbers of a particular multi-hadronic state, the partition function of the fireball reads:
A parameter γ s accounting for a possibly incomplete strangeness chemical equilibrium is introduced in the partition function by multiplying by γ s s the Boltzmann factors e −ǫ j /T associated to the j th hadron where s is the number of its valence strange quarks and anti-quarks. The average multiplicity of any hadron species in the i th fireball can be derived from the partition function (1) . As this quantity depends on the quantum vector Q 0 i , the overall average multiplicity depends on the number of fireballs N and on their quantum configuration {Q 
It can be proved that this choice corresponds to the minimal deviation of the system from global (i.e. thermal, chemical and mechanical) equilibrium. After making use of the probabilities (2) to average the hadron production over all possible quantum configurations, the overall average multiplicity of the j th hadron turns out to be:
where the upper sign is for fermions, the lower for bosons and:
Thus, under the previous assumptions, the hadron yields (3) depend only on three unknown parameters T , γ s and V ; the latter re-absorbs the dependence on the number of fireballs. These unknown parameters have to be determined by fitting the calculated multiplicities to the measured ones at each center of mass energy. 
, pp and pp collisions
In order to calculate hadron abundances to be compared with experimental data the primary yield of each hadron species calculated with eq. (4) is added to the contribution stemming from the decay of heavier hadrons, which is calculated by using experimentally known decay modes and branching ratios [4, 5] . All light-flavored hadrons up to a mass of 1.7 GeV and all heavyflavored states inserted in the JETSET tables [5] have been used as primary species. The effect of this cut-off of hadron mass spectrum on final results has been shown to be negligible [1, 3] . The primary yield of resonances has been determined by convoluting the eq. (4) with a relativistic Breit-Wigner function within 2Γ from the central mass value. The measurements from different experiments have been averaged according to a procedure described in ref. [6] taking into account a posteriori disagreements and correlations. Since the temperature is expected to be O(100) MeV the thermal production of heavy flavored hadrons can be neglected while the perturbative production is significant only in e + e − collisions, where c and b quarks are created in the primary interaction and do not re-annihilate. In this case the presence of one charmed (bottomed) flavored hadron-anti-hadron pair is demanded in a fraction of events σ(e + e − → cc(bb))/σ(e + e − → hadrons). The fit is performed by minimizing the χ 2 :
as a function of T , V and γ s . The errors σ i include contributions from uncertainties on masses, widths and branching ratios of various hadrons involved in the decay chain process; they have [7] (see fig. 1 ). The fit quality is remarkably good at all center of mass energy points. The most interesting result is undoubtedly the uniformity, within the fit errors, of the freeze-out temperature values independently of kind of reaction and center of mass energy. The fact that γ s is always less than 1 demonstrates that strangeness chemical equilibrium is not reached in any of the examined collisions. Nevertheless, it is worth noticing that γ s is higher in e + e − collisions than in hadronic collisions at the same center of mass energy. The use of the canonical formalism is essential since the system turns out to be small enough to generate charged hadron (q j = 0) suppression with respect to neutral ones (q j = 0) even in an initially neutral system (Q 0 = 0); for a more detailed discussion see refs. [2, 3] . All the fits have been performed by using as experimental input the measured yields of lightflavored hadrons. Once the parameters of the model are determined it is possible to predict the heavy-flavored hadrons abundances provided that the production rate of c and b quark pairs is known. In table 2 predictions for √ s = 91.2 GeV are compared to actual LEP experiments measurements [8] averaged according to the procedure mentioned above; the agreement is indeed very good. 4 Thermal fits in heavy ion collisions
The model described in Sect. 2 may be used to fit hadron abundances measured in heavy ion collisions, provided that the same assumptions still hold. Comparison of thermal calculations with experimental data have been done recently by several authors with a grand-canonical, rather than canonical, approach and by using multiplicities measured either in a restricted rapidity range or in full phase space [10] [11] [12] [13] . In principle the canonical formalism is the only correct one in that it ensures the exact conservation of initial quantum numbers. However, if the volume V is very large, it can be shown (see ref. [3] ) that the formula (3) giving the average primary j th hadron multiplicity in the canonical formalism reduces to:
by using a saddle-point approximation of the φ-integrals in eq. (3). A is a N × N matrix, where N is the dimension of the quantum vectors Q, q j , whose elements are proportional to V . Hence, in the limit V → ∞, the second exponential factor in the above equation goes to 1 as the q j terms are finite (i.e. the hadrons quantum numbers). On the other hand, the first exponential factor can be written exp[nµ · q j ] where µ is a set of N traditional chemical potentials; the grand-canonical formalism is recovered in the large volume limit. In heavy ion collisions one expects the canonical factor exp[−n 2 q j A −1 q j /4] to be a small correction of the grand canonical formulae as the particle multiplicities, hence the volume, are very large compared to pp or e + e − collisions. We fitted hadron abundances measured in SS [15] and SAg [16] collisions in full phase space by using four free parameters: T , V , γ s and µ b , the baryochemical potential. The strangeness and electric chemical potential µ s and µ q have been determined with the constraints of strangeness neutrality and conservation of the initial electric charge/baryon number initial ratio:
The results of the fit are shown in table 3 while the comparison between fitted and experimental average multiplicities are shown in table 4. Due to the strong correlation between T and V we chose to fit the parameter V T 3 exp[−0.7 GeV/T ] instead of V . It should be mentioned that these results have been obtained by using only the experimental errors without taking into account the uncertainties arising from hadron parameters like masses, widths and branching ratios. The resulting elements of the A matrix range between -0.02 and 0.06 in SS collisions and between -0.012 and 0.039 in SAg, confirming the proximity to the grand-canonical regime. The fitted temperature is compatible with that found in e + e − , pp, and pp collisions and the quality of the fit is good as well. Strangeness chemical equilibrium is not reached as demonstrated by the γ s values < 1 although there is a clear increase with respect to pp and pp collisions. Our results differ from those obtained in ref. [10] mainly because of the available larger number of data points and the use of updated hadron parameters in the decay chain. A new fit performed by one of the authors of ref. [10] shows a clear consistency with our results [14] . 
Conclusions
The analysis of hadron abundances in e + e − , pp and pp collisions performed in a suitable canonical formalism is in very good agreement with the hypothesis of local thermal and chemical equilibrium. The most interesting results of the thermal fits to experimental data is the constant value of freeze-out temperature in all three kinds of collisions independently of center of mass energy. This fact indicates that the transition from quarks-gluons to hadrons occurs in a purely statistical fashion at critical values of pre-hadronic matter parameters (such as energy density or pressure) corresponding to a (partially) equilibrated hadron gas at T c ≃ 170 MeV. Furthermore, evidence is found for an incomplete strangeness phase space saturation. The preliminary analysis of hadron abundances in full phase space in SS and SAg heavy ion collisions resulted in a good agreement with the data as well and a temperature value consistent with that found in elementary collisions. The strangeness enhancement going from pp to heavy ion collisions is explained by two different effects: the increase of the extension of the system reduces the suppression due to strangeness conservation (canonical suppression) whilst the increase of γ s further raises the yield of particles containing strange quarks.
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